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FIELD OF INVENTION: 

10 The present invention generally relates to the field of wastewater treatment and disposal 

and more particularly relates to an apparatus and method for disinfecting biosolids to facilitate 
their use in land farming and as a soil additive. 

Q 

9 BACKGROUND OF INVENTION: 

15 |^ Sewage, or wastewater, produced from municipal, industrial, or agricultural generators is 

HI 

jj typically comprised of a quantity of solids generated from humans, animals, fish or other living 

5 i 

I* organisms, commonly called "biosolids", suspended in a quantity of water. Such biosolids, also 

0 

^ known as sewage sludge, pose threats to the health and safety of the environment because of the 

O 

1^ harmful pathogens, bacteria and microorganisms that are typically present in such biosolids. It is 
20 recognized that processing the wastewater by separating the water from the biosolids and treating 

and re-using the water and the biosolids is of great value in extending the useful life of limited 
earth and water resources and in preventing the communication of diseases. 

Water that results when the biosolids are separated from the wastewater is usually treated 
with chlorine as a chemical disinfectant and discharged into the nearest river or stream where it is 
25 ultimately returned to a water supply system for re-use. Treated biosolids are often disposed of 

by delivering the treated biosolids to a landfill, to land farms for spreading the treated biosolids 



over available land, by incineration, by disposal at sea or by use of the treated biosolids for 
agricultural purposes such as a soil additive. Regardless of the disposal method employed on the 
biosolids derived from the wastewater, any safe biosolids disposal method requires the 
elimination, or at least the sufficient inactivation, of the harmful pathogens, bacteria and other 

5 microorganisms present in the biosolids. Thus, some type of disinfecting method must be 

employed before the disposal or reuse of the biosolids. 

A range of treatments can be applied to disinfect the biosolids. Such treatments include 
pasteurization (dry heat), aerobic (oxidative) or anaerobic digestion, composting, lime 
stabilization, liquid storage and dewatering and dry storage. None of these methods fully kills or 

10 D deactivates all of the live microorganisms or the vegetative or spore-forming microorganisms 

9 

* t& typically present in biosolids. 

ip. 

Disinfecting sewage by continuous thermal processing employing two-stage steam heat 

\ *' has been proposed in US Patent 4,028,242 to Kokurin et al. The first stage of the process 

k* 

p discussed in Kokurin et al. is a first nozzle employed for mixing sewage drawn from a holding 

U 

15 D tank with a supply of steam in a pressurized piping system. The second stage is introducing the 

13 

steam/sewage mix to a pressurized pipe coil via a second nozzle and maintaining the flow through 
the coil at a desired temperature for a desired time by mechanical means to facilitate the 
disinfecting of the sewage. A disadvantage of the method presented is that the mechanical augers, 
called cyclones in Kokurin et al„ employed in the pipe coil to circulate and disperse the flowing 
20 sewage to facilitate thorough heating of the sewage are complicated and may require frequent and 

costly maintenance. Still another disadvantage is that the system presented makes no provision to 
prevent heat loss from the pipe coil as the sewage is conveyed through the coil. As a result, a 
need still exists for an apparatus and method to thermally treat and disinfect a continuous flow of 
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biosolids from a stream of wastewater, avoid where possible mechanical conveying means, and 
reduce heat losses associated with such thermal treatment. 

SUMMARY OF INVENTION: 

5 The present invention is designed to provide an apparatus and method to facilitate the 

thorough thermal disinfecting of biosolids generated from a stream of wastewater. The apparatus 
and method employs a means for producing a continuous flow of biosolids derived from 
wastewater, by way of biosolids input piping and pumps, to a biosolids storage tank. A uniquely 
configured steam disinfecting piping system is arranged within the biosolids storage tank. A 
10 ( s 2 second pumping system delivers a continuous flow of biosolids to the steam disinfecting piping 

0 

M system. A steam generating means provides a continuous supply of steam, by way of steam 

U* 

piping and steam pumps, to the steam disinfecting piping system. The heat produced by 

'"4 

^ circulating steam disinfects biosolids circulating through the steam disinfecting piping system. 

p Recovered steam is returned to the steam generating means. Volatile gases produced from the 

U 

15 13 biosolids during disinfecting are delivered to an incineration system. Disinfected biosolids are 

I* 4 collected for delivery either to a landfill, an incinerator, or collected for use in land farming or as a 
soil additive. 

The uniquely configured steam disinfecting piping system of applicant's invention is 
comprised of an outer steam pipe and an inner biosolids pipe that runs through the bore of the 
20 outer steam pipe. The inner biosolids pipe is configured to have a plurality of spaced apart holes 

spirally arranged along the periphery of the wall of the inner pipe. These spaced apart holes on 
the wall on the inner biosolids pipe serve as a plurality of nozzles for injecting a continuous 
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spiraling stream of steam from the outer steam pipe to the biosolids flowing within the inner 
biosolids pipe. 

The spiraling stream of steam created by the plurality of nozzles cause the biosolids 
flowing through the inner biosolids to rotate or spiral as they flow through the inner biosolids 
5 pipe. As a consequence, the spiraling biosolids are mixed with the steam and rotated around 

within the inner biosolids pipe. This spiraling of the biosolids creates an environment within the 
inner biosolids pipe that provides for a more even heating of the biosolids with live steam as the 
biosolids flow through the disinfecting piping system, thus enhancing the disinfecting of the 
biosolids. 

10 f i The effectiveness of the disinfecting of the biosolids is dependent upon the amount of time 

Q 

that the flow of biosolids is exposed to the steam treatment. Manipulating the rate of flow of 

in 

^ biosolids being pumped though the inner biosolids piping and the pressure of the steam in the 

tn 

]* ' outer steam piping can produce a desired treatment time. A computerized control system may be 
|*i provided to monitor and regulate both steam pressure and pumping rates. Temperatures and 

y 

15 □ pressures can be monitored along the disinfecting piping system and pumping rates and steam 
pressures can be adjusted to achieve a desired treatment time and temperature of the biosolids. 

Ideally, the steam disinfecting piping system is arranged within the biosolids storage tank 
in a coiled or spiral configuration. The coil configuration serves a means to compensate for 
expansions and contractions in the piping system due to heat. The heat generated by the steam 

20 circulating in the disinfecting piping system also serves to heat the biosolids held in the biosolids 

storage tank prior to the biosolids introduction into the piping system, reducing heat losses in the 
disinfecting system. 
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BRIEF DESCRIPTION OF THE DRAWINGS: 

Fig. 1 is a schematic illustration of the apparatus according to applicant's invention. 

Fig. 2 is a schematic cut-a-way illustration of the disinfecting piping system forming a 
portion of the apparatus illustrated in Fig. 1. 
5 Fig. 3A is a schematic cross-sectional view of the wall of the inner biosolids pipe of the 

disinfecting piping system illustrated in Fig. 2 cut through the steam holes. 

Fig. 3B is a schematic cross-sectional view of the wall of the inner biosolids pipe of the 
disinfecting piping system illustrated in Fig. 2 cut through an alternative embodiment of the steam 
holes. 

10 Q Fig. 4 is a schematic illustration of the apparatus of Fig. 1 employed for use in a sewage 

Q 

M treatment system. 

m 

: . Fig. 5 is an alternate embodiment of the disinfecting piping system of applicant's 

m . . 

a , invention. 

□ Fig. 6 is a schematic illustration of the solids conveying mechanism of the disinfecting 

u 

15 □ piping system of Fig. 5. 

(3 

DESCRIPTION OF EMBODIMENTS: 

Referring now to the drawings and more particularly to Fig. 1 there is shown is a 
schematic illustration of the apparatus according to applicant's invention. The thermal 
20 disinfecting system (10) is designed to disinfect biosolids, typically sewage sludge, generated from 

humans, animals, fish or other living organisms suspended in a quantity of wastewater. During 
processing, the suspended biosolids are separated from the wastewater by any number of known 
dewatering devices and techniques such as a dewatering centrifuge. Solids so separated from 
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wastewater will typically still have substantial water content that allows the separated solids to be 
transported via piping and pumping systems. The solids disinfecting system of applicant's 
invention is especially suited for disinfecting these dewatered bio solids. 

The thermal disinfecting apparatus (10) is comprised of a means for generating steam 
5 shown as a steam generating plant (20), a biosolids storage tank (30) for holding a desired 

quantity of contaminated biosolids, such as municipal sewage sludge, and a disinfection piping 
system (40) positioned within the storage tank (30). Biosolids to be disinfected are delivered to 
the storage tank (30) through supply line (32) by way of supply pump (34). The disinfection 
piping system (40) shown in Fig. 1 is arranged in a helical coil within the storage tank (30) though 

10 Q other piping arrangements may be utilized. 

O 

The disinfection piping system is comprised of an outer steam pipe (42) and an inner 

IP- 

biosolids pipe (44). Biosolids to be disinfected are delivered from the storage tank (30) via solids 

**' suction lines (32) and input pump (34). Biosolids from the storage tank (30) are then delivered to 

I* 

i;3 the bore (46) of the biosolids pipe (44) through contaminated biosolids input lines (36) in 

u 

15 O communication with the biosolids pipe (44) by means of input circulation pumps (35). Steam 
^' from the steam generation plant (20) is delivered, at a desired temperature and pressure, by steam 
supply lines (22) via steam pumps (25) to the steam entrance line (24) that is in communication 
with the bore (43) of the outer steam pipe (42). The heat produced in the bore (43) of the outer 
steam pipe (42) by the steam so delivered raises the temperature of the biosolids to a desired level 

20 as the biosolids course through the inner biosolids pipe (44). The rate of flow through the 

biosolids pipe (44) and the temperature of the biosolids control the level of disinfection of the 
biosolids. 
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Sensors (72) may be placed along the inner wall (47) of the biosolids pipe (44) to monitor 
the pressure, temperature and flow rate of the steam and the circulating biosolids. Signals, shown 
as flow line (74), reflecting pressure, temperature and flow rate are delivered to control console 
(70). The signals may be delivered via digital or analog signals on electrical leads or by wireless 
5 technology. Similarly, the control console (70) has means for delivering control signals, shown as 

flow line (76), to the steam pumps (25) and biosolids pumps (35) to make adjustments in steam 
pressure and temperature and biosolids flow rate to maximize the disinfection process. These 
control signals may be delivered via digital or analog signals on electrical leads or by wireless 
technology. 

jets 

10 (2 The system (10) is designed to recycle as much energy as possible. The disinfection piping 

F 

!"* system (40) is placed in the solids storage tank so that any escaping heat is utilized to preheat the 

Im 

l . t biosolids to be disinfected and thereby minimize heat losses in the system. Steam discharged from 

m 

s , the steam pipe (42) of the piping system (40) is delivered to steam exit lines (26) and returned to 

u 

13 the steam generation plant (20) for recycling via steam return lines (28). 

u 

15 Q Disinfected biosolids are received from the bore (46) of the biosolids pipe (44) via 

* disinfected biosolids discharge piping (38). Depending upon the presence of volatile organic 

chemicals (commonly known as VOCs) in the biosolids being processed, the disinfected biosolids 
delivered to the discharge piping (38) may be routed to a VOC extraction unit (50) for removal of 
any volatile gases that may be present in the biosolids. Volatile gases so extracted are collected 

20 at gas bleed off line (52) and delivered to an incinerator (54) or other processor for disposal. The 

disinfected biosolids so processed are then discharged via treated biosolids output lines (60) for 
collection and ultimate disposal by delivery of the disinfected biosolids either to a landfill, an 
incinerator, or collection for use in land farming or as a soil additive. 
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It is thought that the storage tank (30) and all supply and discharge piping be fabricated of 
a corrosion resistant material such as stainless steel to reduce the caustic effect of the biosolids. 
Similarly, it is thought that the disinfection coil (40) be fabricated of a corrosion resistant such as 
stainless steel or stainless steel that has been glass lined to further reduce the caustic effects of the 
5 biosolids during the disinfection process. 

Fig. 2 shows a cut-a-way schematic view of the disinfection piping system (40). The 
disinfection piping system (40) is comprised of the outer steam pipe (42) having a bore (46) 
within which is positioned the Inner biosolids pipe (44). The annulus (45) of the bore (46) 
created by the inner biosolids pipe (44) and the wall (47) of the outer biosolids pipe (42) defines 
10 Q the space through which the steam circulates as it courses through the outer steam pipe (42). 

a 

Temperature and pressure sensors (72) are placed at desired locations along the inside of wall 

m 

8! The wall (43) of the inner biosolids pipe (44) has a plurality of spaced apart holes (48) 

M 

(3 spirally arranged along its periphery. These spaced apart holes (48) on the wall (43) of the inner 

u 

15 (3 biosolids pipe (44) serve as a plurality of nozzles for injecting a continuous spiraling stream of 

G 

?!t steam from the annulus (45) outer steam pipe (44) to the biosolids flowing within the inner 

biosolids pipe (42). The streams of spiraling steam from the holes (48) impart a spiraling motion 
to the biosolids coursing through the inner biosolids pipe (44), which serves to mix and blend the 
biosolids facilitating their disinfection. It is thought that arranging the plurality of spirally 
20 arranged spaced apart holes (48) at angle a with respect to the centerline of the inner pipe (44) of 

between about 22.5 degrees and about 60 degrees will impart a sufficient spiraling effect to the 
biosolids in the pipe (44). The lateral spacing 5 between the holes (48) will depend upon the inner 
diameter of the pipe (44) selected. As an example, it is thought that a spacing 5 of between about 
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3 inches and about 5 inches for a pipe (44) having an interior diameter between about 3 inches 
and about 10 inches would be sufficient for applicant's invention. 

Fig. 3 A shows a schematic cross-sectional view of the wall (43) of the inner biosolids pipe 
(44) through a hole (48). The wall (43) has an outer surface (43A) and an inner surface (43B). It 
is thought that each hole (48) be tapered so as to have a wider diameter on the outer surface 
(43A) than on the inner surface (43B) so as to enhance its nozzle effect. It is thought that a hole 
(48) tapered so as to have a diameter on the outer surface (43A) of the pipe wall (43) between 
about 1.5 to about 3 times greater than its diameter on the inner surface (43B) of pipe wall (43) 
would be sufficient. As an example, in a pipe (44) having a wall (43) with a thickness between 



10 (3 0.375 inches and 0.625 inches, it is thought that a hole (48) having a diameter of 0.25 inches on 

h 

H 1 the outer surface (43 A) of the biosolids pipe (44) and a diameter of 0.083 inches on the inner 



surface (43B) of the biosolids pipe (44) would be sufficient to provide the desired nozzle effect. 

Fig. 3B shows a schematic cross-sectional view of an alternate configuration of wall (43) 

M 

13 of the inner biosolids pipe (44) through a hole (48'). In this embodiment the hole (48') penetrates 
15 G the wall (43) from its outer surface (43 A) to its inner surface (43B) in a substantially uniform 
p ~ cross-section so that, in the case of a circular hole, the diameter of the hole is the same on the 
outer surface (43A) as it is on the inner surface (43B). It is thought that a hole (48') having a 
diameter of about 0.1875 inches to about 0.375 inches would be sufficient to provide the desired 
nozzle effect. 

20 Fig. 4 is a schematic view of a typical municipal sewage facility (100) incorporating the 

disinfecting system (10) of applicant's invention. The system (10) is comprised of a steam 
generation plant (20), a storage tank (30) and disinfection piping system (40) having the inner 
biosolids piping (44) and the outer steam piping (42) described above. The facility (100) receives 
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a supply of municipal sewage from input line or lines (120) to a primary centrifuge (122) for initial 
dewatering. Dewatered sewage solids are transported via piping (132) to the storage tank (30). 
Biosolids are then transported from the storage tank (30) to the disinfection piping system (40) 
for thermal treatment by steam produced by steam generation plant (20). Solids thermally 

5 disinfected by the system (10) are delivered to an incinerator-type VOC extraction unit (50) for 

removal of any volatile gases that might be contained in the disinfected solids. After removal of 
any volatile gases the solids are then transported to a secondary centrifuge/dryer or filter press 
(124) for further dewatering. The dewatered solids are then discharged via output lines (60) as 
described above for disposal as desired. Any water removed during this dewatering process is 

10 discharged via water discharge lines (80) for disposal as desired. 

b 

\+ In the typical municipal sewage facility (100) incorporating the disinfecting system (10) of 

m 

I* applicant's invention sewage disinfection process, the initial centrifuge (122) may be a continuous 
Vii flow dewatering device such as that manufactured by Bird® Machine Company. A centrifuge 

Q (122) that is capable of dewatering the sewage from greater than 99 per cent water content to a 

\u 

15 13 92 per cent water content, thereby raising the biosolids content of the sewage from less than 1 per 

U 

* A cent to greater than 8 per cent is thought to be sufficient. The centrifuge/dryer (124) may be a 
filter press dryer such as those manufactured by EIMCO® or, alternatively, a centrifuge type 
dryer such as those manufactured by Bird® Machine Company. 

Fig. 5 is an alternate embodiment of the disinfection piping system (40) designated as 
20 (40'). The system (40') is configured in a coil so as to be contained within the solids storage tank 

(30) and is comprised of an outer steam pipe (42') and an inner solids pipe (44'). The inner solids 
pipe (44') has a plurality of rotatably mounted Archimedes spiral screws (65), shown in Fig. 6, 
positioned within bore (46') of the inner solids pipe (44') to aid in mixing the flowing biosolids 
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conveyed through the piping system (40'). Steam at a desired temperature and pressure is 
delivered to the outer steam pipe (42'), and then thorough the inner pipe (44') via a plurality of 
holes (48) as described above, to rotate the Archimedes spiral screws (65) and flowing biosolids 
insure even heating of the biosolids from the steam thereby thermally disinfecting the circulating 
solids contained in the inner biosolids piping (42'). Temperature and flow rates may be monitored 
and controlled by sensors (72) and control console (70) as described above. 
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